The ultrastructural features of cells of Calymmatobacteriurn granulomatis from monocyte co-cultures and tissue biopsy specimens were compared. In cultures the bacteria were mainly extracellular, i.e., not within membrane-bound vacuoles. The bacterial body was surrounded by a uniformly extensive homogeneous layer with a relatively high electron density. This layer varied considerably in tissue biopsy specimens, having either homogeneously electron-dense or delicate web-like structures with varying density and thickness. In tissue specimens the bacteria were located predominantly within vacuoles of varying sizes in the cytoplasm of the macrophages and, occasionally, extracellularly within the intercellular spaces of the stroma. The bacterial cytoplasm contained ribosomes scattered throughout with electron-dense granules located peripherally. The trilaminar cell-wall structure was typical of a gram-negative organism, comprising an outer membrane, a middle electron-opaque layer and an inner plasma membrane. Surface structures such as fimbriae, flagella and bacteriophages were not identified in specimens from either source.
Introduction
Calymmatobacterium granulomatis is the aetiological agent of granuloma inguinale (Donovanosis), a chronic granulomatous disease involving the genitalia and surrounding tissues. It has been recognised recently as a significant cause of genital ulcer disease in the KwaZulu/Natal region of South Africa [ 1-31.
Histological examination of granulation tissue from infected patients reveals the presence of macrophages, plasma cells, polymorphonuclear neutrophils and, occasionally, lymphocytes, multinucleated giant cells and dendritic cells [4-61. The infected macrophages in the diseased tissue are highly activated, containing a variable number of bacteria within intracellular vacuoles. The observation of these intracellular bacteria is important for the diagnosis of the disease ~5~7 1 .
C. granulomatis is not easily cultivable in vitro and, therefore, has been poorly studied. Previous studies on the ultrastructure of the organism have used infected biopsy material fixed by procedures that were only adequate for the preservation of host tissue, but which did not satisfactorily preserve bacterial ultrastructure [ 81. The ultrastructural characteristics of C. granulomatis has a trilaminar cell wall structure and is considered to be in accordance with its gram-negative staining. The cytoplasm is known to contain electron dense granules [9, lo] . The bacteria have also been described as being surrounded by a clear layer (electron-lucent), the width of which varies considerably [6]. These have been described as capsules, but they appear to differ from those of other bacteria, which are invariably electron-dense [ 1 11. The presence of bacteriophages either attached to the cell wall or as empty phage heads within the organism have been described [4, 71 or have been found to be absent [5, 6, 91 . The presence of pili (fimbriae) and vesicles evaginating from the cell membrane has been reported occasionally [ 5,9, lo] . Therefore the ultrastructural characteristics of C. granulomatis are not clearly defined. Recently, the growth of C. granulomatis was achieved in a monocyte co-culture system and its presence was confirmed morphologically [ 121.
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Materials and methods
Monolayers of infected monocytes from three patients with granuloma inguinale were processed for transniission electron microscopy as described previously [ 1 21. 
Ultrastructure of C. granulomatis in monocyte cocultures
In the monocyte co-cultures, bacteria occurred extracellularly either singly or in clusters. The cytoplasm of these bacteria contained ribosomes and peripheral electron-dense granules. The cell wall was typical of a gram-negative organism, consisting of an outer membrane, a middle electron-opaque layer and an inner plasma membrane (Fig. 1) . The capsule consisted of dense homogeneous material of relatively high electron contrast (Fig. 1) . No surface structures suggestive of phage particles, fimbriae or flagella were identified. The bacteria were seen to divide by binary fission by pinching in of both the cell wall and periplasmic membrane. 
Ultrastructure of C. granulomatis in tissue biopsy specimens
Epidermal layer. The epidermal layer consisted of keratinocytes that exhibited nori-tial morphology, although moderate oedema was noted both intra-and inter-cellularly. Large polyhedral-shaped cells characteristic of stratum spinosum were observed. Adjacent cells were bound tightly by destnosomes which had normal dense plaque and filaments. Bundles of tonofilaments were abundant both intra-and intercellularly.
Dermal layer. The dermis was infiltrated with a rich inflammatory exudate consisting predominantly of large macrophages, plasma cells and neutrophils. The infected and non-infected macrophages had well-developed endoplasmic reticulum and Golgi apparatus. Mitochondria and lysosomes were abundant. The infected cells displayed varying stages of degeneration. Their nuclei were often displaced towards the periphery by a vacuole containing the bacteria. These vacuoles occupied a large part of the intracellular space. The number of ingested bacteria varied considerably from 3 to 20/cell. Occasionally bacteria were found within vacuoles of necrotic neutrophils. In both the epidermis and dermis the bacteria occurred predominantly within macrophages and occasionally within the intercellular spaces. There was considerable variation in the morphological relationship of the phagocytic vacuole and the bacteria. The vacuoles occasionally had broken limiting membranes (Fig. 2a ). Bacteria were also observed lying free in the cytoplasm within dense amorphous granular capsule-like material. The electron density of the capsular material mas variablc.
Morphological characteristics of bacteria (Donovan body).
The shape and size of the bacteria in a single plane varied from round or oval to elliptical in shape. They measured 900 nm in width and 1700 nm in length. A filamentous skein of centrally located nucleoplasm was evident and the nuclear material consisted of fine chromatin threads. Electron-dense granules were prominent and located at the periphery of the cytoplasm, while ribosomes were scattered throughout the bacterial body (Fig. 2b) . The cell wall consisted of an outer membrane. a middle electrondense layer and an inner plasma membrane (Fig. 2c) . The periplasmic space was elec: tron-lucent, and the outer surface of the cell wall was irregularly contoured.
The width of the cell wall was ' 7 nm, with the outer membrane measuring 2 nm, the middle electron-opaque layer 4 nm and the inner plasma membrane 1 nm (Fig. 2c) .
The bacteria were encased by a well preserved homogeneous electron-dense capsule, varying between 40 and 150 nm in thickness. 'The width of these capsules was determined from the point where the capsular material was closely adherent to the bacterial body. The capsular material often appeared to merge with that from adjacent bacteria (Fig. 2b) . A few bacteria showed an attachment of the capsular material to the inner surface of the limiting membrane of the phagocytic vacuole by fine fibrillar strands (Fig. 2b) . The texture of the capsule of some bacteria was fibrous (Fig. 2d ). Occasionally the capsule had separated from the cell wall, possibly because of preparation artifact (Fig. 2e) . This showed the bacterial body to be surrounded by a clear area while the electron-dense area surrounding the clear area had been displaced and pushed to the periphery of the vacuole (Fig. 2e) . The limiting membrane of the vacuole was clearly evident between the capsule and cellular matrix. There was no evidence of internal or external particles suggestive of phage-like entities or the presence of fimbriae or flagella.
Several bacteria were observed in the process of cell division within unfused or fused phagosomes. The bacteria were seen to divide into two daughter cells by the pinching inwards of the cell membrane and cell wall (Fig. 2a, c, e ).
Discussion
The description of the ultrastructural features of C. granulomatis is controversial [5, 6, 7, 9, 101 . In the present study the ultrastructural morphological features of the organism in culture were similar to those observed in infected tissue biopsy specimens. In each case the presence of electron-dense granules towards the periphery of the cytoplasm, the typical gramnegative cell-wall structure and the electron-dense capsule layer surrounding the bacterial body were recognised.
The tissue response in granuloma inguinale was predominantly an accumulation of macrophages, plasma cells and neutrophils, while the presence of lymphocytes was rare. Non-infected cells displayed no evidence of necrosis, whereas infected cells were observed at various stages of degeneration. The mechanism by which C. granulomatis infects cells, persists within them and induces necrosis is unknown.
Electron-dense granules within the bacteria have been reported in previous studies [4, 6, 7, 9, 101 [ 11, 15, 161 as that of C. granulomatis from both the monocyte co-cultures and biopsy specimens. Dodson et al. [5] reported the presence of both capsulate and non-capsulate f o r m in biopsy specimens. Although an extensive search for non-capsulate forms was made, none were seen in the present study. However, some bacteria had narrow capsules, while others had extremely fine web-like structures. These forms may have been reported previously as noncapsulate forms. Davis et al. [4, 71 have described the presence of bacteriophages attached to the cell wall and empty phage heads within the organism and have proposed that C. granulomatis is infected with bacteria phages; however, this has been strongly refuted by others [5, 61 and the results of the present study. Furthermore, the present study provided no evidence of fimbriae of flagella.
In conclusion, this study confirms the similarity of the ultrastructure of C. granulomatis in monocyte cocultures and tissue biopsy specimens; the only observable difference being in the width and density of the capsule -which was enhanced in the former and variable for bacteria observed directly in tissue biopsy specimens.
